Abstract Studies about the infiltration of water in the soil, based on hydraulic conductivity and retention curve, are important to simulate hydrological processes and pollution fluxes. This paper aims to present the hydrodynamic soil behaviour of the Gramame watershed, located in northeast Brazil. This basin is representative of several other watersheds located on the coastal region of northeast Brazil, where sugarcane crops constitute the main land use. For this study, three different land uses and land covers were considered: sugarcane crops, pineapple crops and Atlantic Forest, which is the native forest of this region. The Beerkan method and the BEST program were used in order to get retention and hydraulic conductivity curves. The results show that the highest values of hydraulic conductivity were obtained at points located in native vegetation and deforestation impacts the soil hydrodynamic characteristics.
MATERIALS AND METHODS
The study was carried out in the Gramame River basin, a representative watershed with a drainage area of 590 km 2 , located in the coastal region of northeastern Brazil, between coordinates -7°11′ and -7°23′S, -34°48′ and -35°10′W (Fig. 1) . In this basin there is a high rate of natural vegetation deforestation due to urbanization and land use for agricultural activities, e.g. sugarcane and pineapple crops. This watershed only has 15% of its natural vegetation.
For this work, the hydraulic conductivity curve K(θ) and water retention curve θ(h) were obtained from infiltration tests, soil sample collection in the field and laboratory analyses. A total of 36 points were chosen to perform experiments within the watershed: 15 in areas with sugarcane crops, six in areas of pineapple crops, and 15 in the Atlantic Forest. However, 18 points (five in sugarcane crops, four in pineapple crops and nine in the Atlantic Forest area) were discarded due to problems related to infiltration curve stabilization. Indeed, these points have not reached the steady state, as shown in the example reported in Fig. 2(a) for an infiltration test carried out in the sugarcane area. An example of infiltration curve reaching steady state for an Atlantic Forest area is shown in Fig. 2(b) . 
Beerkan method
In the Beerkan method the curves θ(h) and K(θ) can be described by five parameters, two shape and three scale parameters (Haverkamp et al. 1994 , Lassabatere et al. 2006 . The shape parameters (N and M, equation (1)) are dependent on the soil texture, and were obtained from the particle-size analyses, i.e. curve F(D) of the soil samples. F(D) is the cumulative frequency associated with diameter (D), according the following equation:
The scale parameters depend on an infiltration test at null pressures head (Haverkamp et al. 1999) . The Beerkan method uses the Van Genuchten (1980) and Brooks and Corey (1964) models to describe the retention curve θ(h) and the hydraulic conductivity curve K(θ), as shown in equations (2) and (3), respectively:
where θ is the water content [L ]. The shape parameters and scale parameters are determined by the BEST algorithm. In order to apply these equations, a field experiment has to be carried out, it consists of: an infiltration test with a simple annular ring and soil sample collection for particle-size analysis, determination of initial gravimetric water content, soil bulk density and saturated gravimetric water content. The infiltration test is carried out with a set of fixed volumes of water that are poured into the annular ring. The time of infiltration of every fixed volume of water is registered and it is repeated until the steady state is reached. If the steady state is not reached after about 15 repetitions, the experiment is considered failed to this point. More information can be found in Lassabatère et al. (2006) .
RESULTS AND DISCUSSION
From particle-size analysis of soil samples, there is, in general, a similar percentage of sand among the three land uses. Other soil types were not analysed. Indeed, most of the points obtained more than 70% of sand in their composition. The highest percentage (96.45%) was obtained in the Atlantic Forest. The exception was a single point, where the experiment was carried out in an area of Atlantic Forest and had just over 40% of sand in its composition, as can be seen in Table 1 . The variation of saturated hydraulic conductivity values (Ks) is presented in Fig. 3 , where mean, minimum and maximum values were plotted. The obtained values agree with Santos et al. (2012) . For this parameter it is observed that the mean, maximum and minimum are higher in areas of the Atlantic Forest. The analyses of this figure suggests that in the Atlantic Forest the infiltration process is easier than in the other compared land uses, in other words it means that the recharge process is higher in these areas than in the others.
Hydraulic conductivity curves and water retention curves are plotted in Fig. 4(a)-(c) , which shows the mean, minimum and maximum of these curves for pineapple, sugarcane and Atlantic Forest. Mean, minimum and maximum hydraulic conductivity curves have the same behaviour for sugarcane and Atlantic Forest uses. Just the mean curve presents different behaviour when the volumetric water content reaches a value of 0.1 cm 3 cm -3 . The behaviour of pineapple curves (mean, minimum and maximum) are the same, the three curves of pineapple are below the others which implies that hydraulic conductivity values are smaller for pineapple areas than sugarcane and Atlantic Forest. The similar behaviour of the sugarcane and Atlantic Forest curves may be due to the soil treatment during the planting and harvesting of sugarcane, which increases the pores of vadose zone and consequently the hydraulic conductivity in the upper layers (Ceddia et al. 1999 ). In the case of water retention curves, they typically have a behaviour contrary to the hydraulic conductivity curves, on the assumption that areas with less infiltration capacity hold the infiltrated water with a higher proportion. In this case, the curves with lower hydraulic conductivity, i.e. pineapple and sugarcane, respectively, showed the greatest water retention. Pineapple curves (mean (a) and minimum (b)) present the highest values of water retention. Sugarcane curves (mean (a), minimum (b) and maximum (c)) present the lowest values of water retention; just the maximum curve has similar values when water retention is lower than 0.01 m. From this value, the behaviour is similar to the Atlantic Forest curve.
Our results show that the hydraulic conductivity and the water retention in the soil were influenced by soil compaction, due to the land use, bulk density and the pore system of the soil. Human activities indeed cause pores size reduction or tend to decrease the pore sizes. Most of the points located on the Atlantic Forest had the highest hydraulic conductivities, but some points located on crops have presented high hydraulic conductivities. Thus, we find crop land uses to impact the hydraulic conductivity, while in the Atlantic Forest, due to vegetation cover, this impact is smaller.
CONCLUSIONS
The methodology used in this study was fundamental for the evaluation of the hydrodynamic characteristics of soils. It was observed that the particle-size and the land use affect the processes of infiltration.
Considering the 18 points used to describe the hydrodynamic characteristics of soils, areas within the Atlantic Forest showed the highest values of infiltration compared to the crop areas due to the particle-size distribution and land use.
Some points were studied, but discarded because they did not reach the steady state; it was observed that the particle-size and the land use similarly interfered with the natural process of infiltration. In this case, this method cannot be used and another method has to be chosen.
